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ONE-WAY BEARING CABLE TENSIONING
TOOL

BACKGROUND

1. Field of the Invention

The present invention relates to an orthopedic tool. More
particularly, the present invention relates to an orthopedic tool
for tensioming surgical cables, and to a method for using the
same.

2. Description of the Related Art

To stabilize a fractured bone, an orthopedic bone plate may
be secured against the bone and extend across the fracture
line. The bone plate may be anchored onto the fractured bone
using bone screws. Also, the bone plate may be tied onto the
fractured bone using surgical cables.

SUMMARY

The present invention provides an orthopedic tool having a
one-way lock bearing and a one-way actuator bearing for
tensioning surgical cables around a bone and a method for
using the same.

According to an embodiment of the present invention, a
tool 1s provided for tensioning a surgical cable around a bone.
The tool includes a housing, a shaft, a drum, a lock bearing,
and an actuator bearing. The drum 1s coupled to the shaift for
rotation therewith relative to the housing, the shait configured
to rotate 1n a first winding direction to wind the surgical cable
around the drum and 1n a second unwinding direction to
unwind the surgical cable from the drum. The lock bearing 1s
coupled to the shait and configured to prevent the shait from
rotating in the second unwinding direction relative to the
housing. The actuator bearing 1s coupled to the shaft and
configured to rotate the shait 1n the first winding direction.

According to another embodiment of the present invention,
a tool 1s provided for tensioning a surgical cable around a
bone. The tool includes a drum configured to rotate 1n a first
winding direction to wind the surgical cable around the drum
and 1n a second unwinding direction to unwind the surgical
cable from the drum, the drum defining a plurality of internal
channels configured to receive the surgical cable therein. The
tool also 1ncludes means for preventing the drum from rotat-
ing 1n the second unwinding direction and means for rotating
the drum 1n the first winding direction.

According to yet another embodiment of the present inven-
tion, a method 1s provided for tensioning a surgical cable
around a bone. The method includes the steps of: providing a
tensioning tool including a shatt, a drum coupled to the shaft,
a lock bearing coupled to the shait, and an actuator bearing
coupled to the shaft; wrapping the surgical cable around the
bone; operating the actuator bearing to rotate the shait in a
first winding direction to wind the surgical cable onto the
drum; and locking the lock bearing to prevent the shait from
rotating 1n a second unwinding direction to unwind the sur-
gical cable from the drum.

BRIEF DESCRIPTION OF THE DRAWINGS

The above-mentioned and other features and advantages of
this invention, and the manner of attaining them, will become
more apparent and the invention itself will be better under-
stood by reference to the following description of embodi-
ments of the invention taken 1n conjunction with the accom-
panying drawings, wherein:

FIG. 1 1s a perspective view of a bone plate secured to a
fractured bone using surgical cables and a bone screw;
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FIG. 2 1s a perspective view ol an exemplary tensioning
tool of the present mnvention for tensioming the surgical cable

of FIG. 1, the tensioning tool including a winding drum
coupled to a shaft;

FIG. 3 1s a cross-sectional view of the winding drum of
FIG. 2, taken along line 3-3 of FIG. 2;

FIG. 4 1s a night-side perspective view of the tensioning
tool of FIG. 2, further including a one-way lock bearing and
a one-way actuator bearing coupled to the shaft;

FIG. 5 1s a nght-side perspective view of the tensioning
tool of FIG. 4, further including an actuating lever coupled to
the one-way actuator bearing;

FIG. 6A 1s a cross-sectional view of the one-way actuator
bearing, the actuating lever, and the shait of FIG. 5, shown
with the one-way actuator bearing 1n a locked position;

FIG. 6B 1s another cross-sectional view of the one-way
actuator bearing, the actuating lever, and the shait of FIG. 5,
shown with the one-way actuator bearing 1n an unlocked
position;

FIG. 7 1s a left-side perspective view of the tensioning tool
of FIG. 5, further including a locking ring coupled to the
one-way lock bearing;

FIG. 8 1s a left-side perspective view of the tensioning tool
of FI1G. 7, further including a housing;

FIG. 9A 1s a cross-sectional view of the one-way lock
bearing, the locking ring, and the shaft of FIG. 7, shown with
the one-way lock bearing 1n a locked position;

FIG. 9B i1s another cross-sectional view of the one-way
lock bearing, the locking ring, and the shaft of FIG. 7, shown
with the one-way lock bearing in an unlocked position;

FIG. 10 15 a left-side perspective view of another exem-
plary tensioning tool of the present invention, including a
housing having a window; and

FIG. 11 1s a cross-sectional view of the tensioning tool of
FIG. 10, taken along line 11-11 of FIG. 10.

Corresponding reference characters indicate correspond-
ing parts throughout the several views. The exemplifications
set out herein illustrate exemplary embodiments of the inven-
tion and such exemplifications are not to be construed as
limiting the scope of the mvention in any manner.

DETAILED DESCRIPTION

FIG. 1 illustrates an orthopedic assembly in the form of
bone plate 10 that 1s secured to a fractured bone 12 across
fracture F. More particularly, bone plate 10 1s secured to shaft
14 of fractured bone 12 across fracture F. Bone 12 may
include a patient’s femur, tibia, fibula, radius, ulna, clavicle,
or another bone. Although bone plate 10 1s described and
depicted herein as extending across fracture F in bone 12,
bone plate 10 may also be used as part of a dynamic hip
system to anchor a fractured femoral head to a femoral shatt,
for example, or as part of another suitable orthopedic assem-
bly.

Bone plate 10 may be secured to bone 12 with a varniety of
anchors and/or fasteners. As shown 1n FI1G. 1, bone plate 10 1s
secured to bone 12 with bone screw 16 and surgical cables 20,
in combination. It 1s within the scope of the present invention
that surgical cables 20 may be used alone, such as when bone
12 1s too weak and/or damaged to recerve bone screw 16. Each
surgical cable includes first end 22 and second end 24. As
shown 1 FIG. 1, first end 22 of each surgical cable 20
includes plug 23. Surgical cables 20 may include multi-strand
cables of stainless steel, titantum, cobalt chrome, or another
suitable biocompatible material, for example.

In the illustrated embodiment of FIG. 1, bone plate 10 1s
configured to receive at least one surgical cable 20. More
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particularly, bone plate 10 includes first transverse bore 26
and an adjacent second transverse bore 28, both of which are
configured to recerve surgical cable 20. An exemplary ortho-
pedic assembly 1s the Cable-Ready™ Cable Grip System
generally available from Zimmer, Inc. of Warsaw, Ind.

In operation, a surgeon 1nserts the free, second end 24 of
surgical cable 20 into first transverse bore 26 ol bone plate 10.
Then, the surgeon pulls surgical cable 20 through first trans-
verse bore 26 of bone plate 10 until plug 23 on first end 22 of
surgical cable 20 seats in first transverse bore 26. Next, the
surgeon wraps second end 24 of surgical cable 20 around
shaft 14 of bone 12 to form loop 30, as shown in FIG. 1. Thus
wrapping step may be pertormed with the help of a cable
passer device (not shown). Finally, the surgeon inserts second
end 24 of surgical cable 20 into second transverse bore 28 of
bone plate 10. At this stage, loop 30 of surgical cable 20 may
be placed loosely around bone 12. However, before clamping
surgical cable 20 in place, the surgeon should ensure that
surgical cable 20 1s wrapped tightly around bone 12.

Referring to FIGS. 2-10, tensioming tool 100 1s provided to
tighten surgical cable 20 to a desired degree of tension around
bone 12 (FIG. 1). As shown 1n FIG. 4, tensioning tool 100
includes shatt 101, winding drum 102, one-way lock bearing
104, and one-way actuator bearing 106. Tensioning tool 100
also 1includes locking ring 108 coupled to one-way lock bear-
ing 104, as shown in FIG. 7, and actuating lever 110 coupled
to one-way actuator bearing 106, as shown 1n FIG. 5. Ten-
sioning tool 100 further includes exterior housing 112, as
shown 1 FIG. 8. Each component of tensioning tool 100 1s
described further below.

As shown 1n FIGS. 10 and 11, housing 112 of tensioning
tool 100 substantially surrounds shait 101, winding drum
102, one-way lock bearing 104, and one-way actuator bearing
106. Shaft 101 1s configured to rotate relative to housing 112
about pivot axis 130. Optionally, housing 112 may include
window 113 so that a surgeon 1s able to view and/or access the
components located inside housing 112. Housing 112 also
includes recerving chamber 160 that 1s configured to receive
surgical cable 20.

As shown next in FIGS. 3 and 4, winding drum 102 of
tensioning tool 100 1s coupled to shaft 101 for rotation there-
with. Winding drum 102 defines a plurality of internal chan-
nels 114. In the 1llustrated embodiment of FIG. 3, internal
channels 114 of winding drum 102 are oifset from the center
of winding drum 102 and intersect within winding drum 102
in a grid-shaped pattern, such that each internal channel 114
1s both parallel to and orthogonal to other internal channels
114. In this arrangement, surgical cable 20 1s able to extend
substantially entirely through winding drum 102 without
interfering with shatt 101 1n the center of winding drum 102.
Winding drum 102 also includes at least one exposed opening
116 1nto each channel 114 that 1s accessible by a surgeon.
According to an exemplary embodiment of the present inven-
tion, openings 116 are spaced radially about the outer circum-
ference of winding drum 102. With openings 116 spaced
radially about the outer circumierence of winding drum 102,
winding drum 102 need not be rotated into a particular ori-
entation with surgical cable 20 to receive surgical cable 20.
According to another exemplary embodiment of the present
invention, winding drum 102 includes tapered entrance walls
118 at each opeming 116 to direct surgical cable 20 into
openings 116 and the corresponding channels 114.

In operation, the surgeon 1nserts second end 24 of surgical
cable 20 through recerving chamber 160 of housing 108,
through a selected opening 116 of winding drum 102, and into
its corresponding internal channel 114. It 1s within the scope
of the present invention that the surgeon may feed surgical
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cable 20 entirely through internal channel 114 and out the
opposite opeming 116. It 1s also within the scope of the present
invention that the surgeon may feed surgical cable 20 through
more than one internal channel 114 to facilitate securement of
surgical cable 20 to winding drum 102. It 1s further within the
scope of the present invention that channel 114 may be sized
to Irictionally grip surgical cable 20 therein. After inserting
surgical cable 20 1nto internal channel 114, the surgeon bends
surgical cable 20 along opening 116 of internal channel 114
and begins to wind surgical cable 20 around the outer circum-
terence of winding drum 102.

As shown next in FIGS. 4 and 5, one-way actuator bearing
106 of tensioning tool 100 1s coupled to shaft 101. One-way
actuator bearing 106 includes inner bearing race 120, outer
bearing race 122, and rollers 124 located between inner bear-
ing race 120 and outer bearing race 122. Inner bearing race
120 of actuator bearing 106 1s coupled to shaft 101 for move-
ment therewith, and actuating lever 110 1s coupled to outer
bearing race 122 of actuator bearing 106 for movement there-
with. Also, as shown in FIGS. 6 A and 6B, actuator bearing
106 includes clutch surface 126 and spring 128 that biases
rollers 124 toward clutch surface 126.

With reference to FIGS. 6 A and 6B, an exemplary one-way
actuator bearing 106 1s oriented on shaft 101 such that actua-
tor bearing 106 locks when inner bearing race 120 1s rotated
in a counter-clockwise direction or when outer bearing race
122 1s rotated 1n a clockwise direction. In this exemplary
arrangement, actuator bearing 106 does not lock when 1nner
bearing race 120 1s rotated 1n a clockwise direction or when
outer bearing race 122 1s rotated 1n a counter-clockwise direc-
tion.

Actuator bearing 106 1s provided to rotate shaft 101 1n a
first, winding direction W. More particularly, actuator bearing
106 1s provided to rotate winding drum 102 coupled to shait
101 1n the winding direction W. In operation, the surgeon lifts
actuating lever 110 such that actuating lever 110 and outer
bearing race 122 of actuator bearing 106 rotate 1n the winding
direction W about pivot axis 130. As outer bearing race 122 of
actuator bearing 106 1s forced in the winding direction W,
rollers 124 are forced into irictional engagement with clutch
surface 126 (e.g. at the bottom end of the ramped surface), as
shown 1n FIG. 6 A, and are Irictionally locked between outer
bearing race 122 and inner bearing race 120. The torque
applied to outer bearing race 122 of actuator bearing 106 1s
then transmitted through the locked rollers 124 to inner bear-
ing race 120 of actuator bearing 106 and shait 101, causing
inner bearing race 120 and shaft 101 to rotate along with outer
bearing race 122 1n the winding direction W.

The surgeon then releases actuating lever 110, which
causes actuating lever 110 to rotate in a second, unwinding
direction U and return to 1ts neutral state relative to housing
112. For example, actuating lever 110 may be spring-biased
away Irom housing 112. As actuating lever 110 and outer
bearing race 122 of actuator bearing 106 rotate 1n the unwind-
ing direction U, rollers 124 roll away from clutch surface 126
and roll freely 1n the space available between mner bearing
race 120 and outer bearing race 122 (e.g. at the top end of the
ramped surface), as shown in FIG. 6B. Thus, the torque
applied to actuating lever 110 and outer bearing race 122 1s
not transmitted to mner bearing race 120, and, as a result,
actuating lever 110 and outer bearing race 122 rotate freely
relative to shait 101 1 the unwinding direction U.

As shown next in FIGS. 7 and 8, one-way lock bearing 104
of tensioning tool 100 1s coupled to shaft 101. Like actuator
bearing 106, lock bearing 104 includes inner bearing race
140, outer bearing race 142, and rollers 144 located between
inner bearing race 140 and outer bearing race 142. Inner
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bearing race 140 of lock bearing 104 1s coupled to shait 101
for movement therewith, and locking ring 108 1s coupled to

outer bearing race 142 of lock bearing 104 for movement

therewith. Also, as shown 1n FIGS. 9A and 9B, lock bearing
104 includes clutch surface 146 and spring 148 that biases
rollers 144 toward clutch surface 146.

With reference to FIGS. 9A and 9B, an exemplary one-way
lock bearing 104 1s oriented on shait 101 such that lock
bearing 104 locks when inner bearing race 140 1s rotated 1n a
counter-clockwise direction or when outer bearing race 142 1s
rotated 1n a clockwise direction. In this exemplary arrange-
ment, lock bearing 104 does not lock when 1inner bearing race
140 1s rotated 1n a clockwise direction or when outer bearing
race 142 1s rotated 1n a counter-clockwise direction.

Locking ring 108 of tensioning tool 100 may be selectively
rotationally locked relative to housing 112. Thus, outer bear-
ing race 142 of lock bearing 104, which 1s coupled to locking
ring 108, may be selectively rotationally locked relative to
housing 112. For example, in the illustrated embodiment,
locking ring 108 includes a plurality of radially spaced pin
apertures 150, as shown in FIG. 8, and housing 112 includes
at least one locking aperture 152, as shown in FIG. 10. In
operation, a surgeon inserts locking pin 154 through locking
aperture 152 1n housing 112 and through an adjacent one of
the pin apertures 150 1n locking ring 108, as shown in FI1G. 11,
to rotationally lock locking ring 108 relative to housing 112.

Lock bearing 104 1s provided to prevent shaft 101 from
rotating 1n the unwinding direction U. More particularly, lock
bearing 104 1s provided to prevent winding drum 102 coupled
to shaft 101 from rotating in the unwinding direction U. As
shaft 101 and inner bearing race 140 of lock bearing 104
attempt to rotate 1n the unwinding direction U, rollers 144 are
forced into Irictional engagement with clutch surface 146
(c.g. at the bottom end of the ramped surface), as shown 1n
FIG. 9A, and are frictionally locked between outer bearing
race 142 and inner bearing race 140. The torque applied to
shaft 101 and inner bearing race 140 of lock bearing 104 1s
then transmitted through the locked rollers 144 to outer bear-
ing race 142 of lock bearing 104. However, as discussed
above, outer bearing race 142 of lock bearing 104 and locking
ring 108 are coupled to housing 112 and prevented from
rotating relative to housing 112. Thus, shaft 101 1s also pre-
vented from rotating relative to housing 112.

Lock bearing 104 does not interfere with the rotation of
shaft 101 1n the winding direction W. As shaft 101 and inner
bearing race 140 of lock bearing 104 are rotated in the wind-
ing direction W, rollers 144 roll away from clutch surface 146
and roll freely 1n the space available between inner bearing
race 140 and outer bearing race 142 (e.g. at the top end of the
ramped surface), as shown in FIG. 9B. Thus, the torque
applied to shaft 101 1s not transmitted to outer bearing race
142 of lock bearing 104, and, as a result, shaft 101 and 1nner
bearing race 140 of lock bearing 104 rotate freely relative to
outer bearing race 144 of lock bearing 104 and locking ring
108, which are rotationally locked to housing 112.

According to an exemplary embodiment of the present
invention, lock bearing 104 1s identical or substantially simi-
lar to actuator bearing 106. For example, lock bearing 104 and
actuator bearing 106 may be similar or identical to the one-
way clutch mechanism disclosed 1n U.S. Patent Publication
No. 2009/0008205, entitled “ONE-WAY CLUTCH?”, filed
Jul. 2, 2008, the disclosure of which 1s expressly incorporated
by reference herein. Other exemplary one-way bearings are

generally available from Stock Drive Products of New Hyde
Park, N.Y., and KOYO Corporation of Westlake, Ohio, for
example.

10

15

20

25

30

35

40

45

50

55

60

65

6

According to another exemplary embodiment of the
present invention, lock bearing 104 and actuator bearing 106
have the same orientation on shait 101 of tensioning tool 100.
For example, both lock bearing 104 and actuator bearing 106
may be arranged to resist counter-clockwise rotation of shaft
101. However, unlike lock bearing 104 which 1s configured to
respond to interior torque from shaft 101, actuator bearing
106 1s configured to respond to exterior torque from actuating
lever 110.

In operation, a surgeon wraps surgical cable 20 around
winding drum 102 of tensioning tool 100 by repeatedly press-
ing and releasing actuating lever 110. Referring to FIG. 5,
pressing actuating lever 110 upward 1n the winding direction
W causes actuator bearing 106 to engage and rotate shaft 101
in the winding direction W. Actuating lever 110 and actuator
bearing 106 are then free to rotate in the unwinding direction
U relative to shaft 101 to return to a neutral, starting position.
Referring to FIG. 8, shaft 101 1s free to rotate 1n the winding
direction W relative to lock bearing 104, but shait 101
engages the stationary lock bearing 104 when attempting to
rotate 1n the unwinding direction U.

As surgical cable 20 1s tightened in tensioning tool 100,
surgical cable 20 will be pulled toward bone plate 10 and bone
12 (FIG. 1) in the unwinding direction U. To prevent second
end 24 of surgical cable 20 from pulling out of tensioning tool
100, winding drum 102 includes internal channels 114 for
receiving surgical cable 20, as discussed above. Also, to pre-
vent tensioning tool 100 from unwinding, lock bearing 104
resists movement of shait 101 1n the unwinding direction U.

After surgical cable 20 1s tightened to a desired degree of
tension around bone 12, surgical cable 20 1s secured in place.
For example, as shown in FIG. 1, the surgeon may tighten set
screw 32 against surgical cable 20 in second transverse bore
28. Alternatively, the surgeon may clamp opposing ends of
loop 30 together using a wire clamp, for example. After
securing surgical cable 20 in place, the surgeon may cut
excess length from surgical cable 20 such that second end 24
of surgical cable 20 1s flush with bone plate 10. In this
embodiment, first end 22 of surgical cable 20 1s recerved
substantially entirely within first transverse bore 26 of bone
plate 10 and second end 24 of surgical cable 20 1s received
substantially entirely within second transverse bore 28 of
bone plate 10 to avoid interfering with adjacent soit tissue.

Referring again to FIGS. 8 and 11, after surgical cable 20 1s
secured to bone plate 10, the excess surgical cable 20 may be
unwound from winding drum 102 by removing locking pin
154 from housing 112 and locking ring 108. Shaft 101 and
winding drum 102 will then be free to rotate in the unwinding
direction U because outer bearing race 142 of lock bearing
104 and locking ring 108 will be free to rotate relative to
housing 112.

While this mvention has been described as having pre-
terred designs, the present invention can be further modified
within the spirit and scope of this disclosure. This application
1s therefore intended to cover any variations, uses, or adapta-
tions of the invention using its general principles. Further, this
application 1s intended to cover such departures from the
present disclosure as come within known or customary prac-
tice 1n the art to which this invention pertains and which fall
within the limits of the appended claims.

What 1s claimed 1s:

1. A tool for tensioning a surgical cable around a bone
comprising;

a housing;

a shaft;

a drum configured to rotate 1n a first winding direction to

wind the surgical cable around the drum and 1n a second
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unwinding direction to unwind the surgical cable from
the drum, the drum defimng at least first and second
internal channels configured to receive the surgical cable
therein, the drum 1ncluding a first guide wall that angles
downward 1nto the first internal channel and a second
guide wall that angles downward into the second internal
channel, the first and second guide walls intersecting
along a peak such that, on a first side of the peak, the
surgical cable 1s guided 1nto the first internal channel by
the first guide wall and, on a second side of the peak, the
surgical cable 1s guided 1nto the second internal channel
by the second guide wall;

a lock mechanism that prevents the drum from rotating in

the second unwinding direction; and

an actuator mechanism that rotates the drum 1n the first

winding direction.

2. The tool of claim 1, wherein the drum includes a first
opening 1nto the first internal channel and a second opening
into the second internal channel, the first and second openings
radially spaced across an outer circumierence of the drum.

3. The tool of claim 1, wherein first and second internal
channels 1ntersect within the drum.

4. The tool of claim 1, wherein first and second internal
channels are spaced apart from a center of the drum.

5. The tool of claim 1, wherein the first internal channel
extends through the drum in a direction transverse to the
second internal channel.

6. The tool of claim 1 further comprising:

wherein the lock mechanism comprises a lock bearing

coupled to the shaft and configured to prevent the shaft
from rotating in the second unwinding direction relative

to the housing; and
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wherein the actuator mechanism comprises an actuator
bearing coupled to the shaft and configured to rotate the
shaft in the first winding direction.

7. The tool of claim 6, wherein the lock bearing permits the
shaft to rotate 1n the first winding direction.

8. The tool of claim 6, wherein the lock bearing comprises
an inner bearing race coupled to the shaft for movement
therewith and an outer bearing race.

9. The tool of claim 8, wherein the outer bearing race locks
relative to the mner bearing race to prevent the shait from
rotating in the second unwinding direction.

10. The tool of claim 8, further comprising a locking ring
coupled to the outer bearing race of the lock bearing for
movement therewith.

11. The tool of claim 10, wherein the locking ring 1s selec-
tively coupled to the housing to prevent rotation of the outer
bearing race relative to the housing.

12. The tool of claim 6, wherein the actuator bearing com-
prises an inner bearing race coupled to the shaft for movement
therewith and an outer bearing race, the outer bearing race
locking relative to the inner bearing race to rotate the shaft in
the first winding direction.

13. The tool of claim 12, further comprising an actuating

lever coupled to the outer bearing race of the actuator bearing
for movement therewith.

14. The tool of claim 6, wherein the lock bearing 1s sub-
stantially 1dentical to the actuator bearing.
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